ABSTRACT: Background. Cell phone ownership is nearly universal.
INTRODUCTION
Over 90% of American adults owned a cell phone in 2015, up from 65% in 2005. 1 Over 80% of cell phone users report sending or receiving text messages. 2 Essentially, all texts (99%) are opened, with 90% being read within 3 minutes. 3 Short message service (SMS) and multimedia message service (MMS)-based texting programs and smartphone applications are being introduced into the healthcare setting. [4] [5] [6] Prospective research remains limited, but early studies indicate that digital mobile health (mHealth) interventions can improve patient engagement and adherence to treatment. 7, 8 Real-time mobile links between patients and providers can relieve logistical burdens of facilitybased care, improve symptom tracking, enhance patient compliance, and shift symptom control to the at-home setting. 9 Immediate postoperative care is ripe for mHealth engagement. Surgical recovery is a traumatic part of the overall cancer care continuum and is punctuated by discomfort, disability, and anxiety. The emotional burden of cancer surgery, particularly in the head and neck region, is heightened by physical disfigurement and prognostic uncertainty. Poor postoperative recovery can handicap tolerance of rigorous downstream treatments, such as radiotherapy and chemotherapy, and degrade long-term outcomes. Surgeons and allied providers field drop-in visits to manage minor problems that distract from urgent surgical duties. Alternatively, real-time or asynchronous mobile communication can empower appropriate patient self-care and decompress provider schedules. For example, patients undergoing breast reconstruction surgery who were enrolled in a text messaging program postoperatively had fewer clinic visits, called the clinic fewer times, and had their surgical drains removed earlier. 10 Others have even incorporated mobile technology to communicate with patient's families in the perioperative setting. 11 Unfortunately, only one-quarter of physicians currently incorporate mHealth into their routine practices, with use limited to appointment reminders in two-thirds of the cases.
For this project, we empowered a subspecialty surgical team at a tertiary referral center with a commercial health informatics platform to prospectively pilot an automated text-based intervention to address the immediate postoperative information and care engagement needs of patients with head and neck cancer. To our knowledge, this is the first clinical study of its kind in this specific cancer population.
MATERIALS AND METHODS

Study design
Patients undergoing curative surgery for a diagnosis of head or neck malignancy were recruited to this institutionally approved study. Eligible patients had to be 18 years old or older, fluent in English, and own a mobile phone with SMS texting capability. Patients were recruited during their postoperative hospital stay. Patients who refused participation were offered a nonenroller survey. Enrolled patients were counseled regarding mobile communication privacy rights, provided written informed consent, and completed a baseline demographic survey. They were then oriented to an SMS/MMS text messaging platform designed and hosted by SenseHealth (New York, NY). This platform started to send once-daily scripted text messages the day after hospital discharge for a total of 7 days. Patients with questions or concerns had the opportunity to contact their care team via text or telephone call. Additionally, patients with wound-related concerns had the option of sending images via MMS.
Providers could engage the SenseHealth platform through a native iOS/Android smartphone application or secure webpage to access patient questions and messages. All patient messages were triaged by a medical student; care-related questions were forwarded to a clinic nurse, physician assistant, or physician. Replies to patient questions could travel either by text message via the SenseHealth application or by direct telephone call, at the provider's discretion. After delivery of all scheduled messages, the patients were then sent a Web-based satisfaction survey that was accessed via hyperlink. Patients could continue to use SenseHealth after completion of scripted texts to communicate questions or concerns.
Script design
Scripted text messages were composed and refined by the trial's clinical investigators (see Supplementary Table  S1 online only for a full list of messages). Messages were designed to remind patients about general wound care instructions/signs of infection, and to provide motivational support during the acute recovery process. Patients were counseled with each text message to access 911 in the event of an emergency. Messages were sent chronologically to optimize relevance to the patient's recovery at that particular point in time. In this vein, 2 separate scripts were created, one for patients who could eat orally and another for patients with a temporary nasogastric tube.
Patient questionnaires
Patients who refused participation were offered a nonenroller survey to collect reasons for nonparticipation.
The questionnaire covered the following topics: baseline use of texting; privacy concerns; comfort with texting; and trust in providers (Supplementary Table S2 online only). Enrolled patient satisfaction was assessed by an instrument adapted from the University of California San Francisco Client Satisfaction Questionnaire. 13 The surveys covered quality of service, outcome of service, and general satisfaction, with responses scaled according to a 4-point Likert scale (Supplementary Table S3 online only). Surveys were self-administered via mobile or web-based access by the SenseHealth platform.
Statistics
Continuous variables were presented as mean 6 SD and compared using 2-sided Student's t test. Discrete variables were presented as percentages and were compared using Fisher's exact test or the Pearson chi-square test, as appropriate. All statistical analysis was performed using IBM SPSS version 24.0 (IBM, Armonk, NY).
RESULTS
Patient characteristics
Thirty-two patients were screened between December 2015 and April 2016. Twenty-three patients (72%) agreed to participate; however, 2 of these patients dropped out because they immediately transferred to an outside provider and were not eligible for analysis. Most study participants were white (57%), and sex distribution was balanced (52% men and 48% women). Patient demographics are summarized in Table 1 . Two enrolled patients did not complete the satisfaction survey. Five of the 9 nonenrollers completed surveys to explain their reasons for declining. All of those who declined participation were men (Table 2) . On average, nonenrollers were older than those who participated (66 vs 52.1 years old; p 5 .007).
Mobile platform use
A total of 252 text messages were sent by study participants; providers responded with 305 messages. The mean number of text messages sent and received by each patient was 12 and 14.5, respectively. Four smartphone pictures of surgical wounds were sent by 3 different patients. Usage statistics are shown in Table 3 . Texting frequency varied widely, with participants sending as many as 44 messages or as few as 2. We cataloged "healthcare questions" as discrete question/answer text message chains, which specifically addressed a patient's medical care; 20 healthcare question conversations (range, 1-5) took place among 8 patients.
We dichotomized the study cohort according to the median number of sent text messages. Participants who sent more than the median number (n 5 7) of text messages were considered to be high platform utilizers. There were no significant demographic differences (age, sex, income, education level, etc.) between high and low utilizers with the exception of marital status and presence of postoperative complications (Table 4) . Participants who were not married (20.8 6 14.1 vs 8.5 6 8.0; p 5 .019) or who had postoperative complications (27.4 6 12.3 vs 7.2 6 5.07; p < .001) used the platform significantly more than their counterparts.
Impact on postoperative management
Five of the 20 healthcare question conversations were escalated to the surgical team after initial triage by research staff. One patient sent an image concerning for cellulitis along the incisional scar of a radical neck dissection. The patient had the follow-up appointment moved up by 3 days, with intravenous antibiotics started at that appointment. Another patient developed a small seroma at their incision site and subsequently sent a picture along with a list of symptoms. After evaluation by otolaryngology (Ear, Nose, and Throat [ENT]) staff, the patient was offered reassurance. This patient had a coincidental appointment with their primary care physician who then advised them to go to the emergency department. Evaluation by the on-call ENT resident determined they did not have an infection, and they were advised to follow up with their surgeon at their scheduled appointment. Another patient sent a picture of their mouth and throat after transoral robotic surgery out of concern of "discoloration." This patient also complained of headache and tinnitus. ENT providers determined that the "discoloration" was fibrinous exudate and offered reassurance; however, given his other symptoms, a CT scan was ordered and revealed incomplete thrombosis of the right internal jugular vein. The patient was informed via telephone and was started on enoxaparin. Two additional instances of clinical impact included refilling 1 patient's exhausted pain medications and answering another patient's question about a drug-drug interaction.
Nonenrollers
Five of the 9 patients (56%) completed a nonenroller survey. The results are summarized in Table 5 . Two patients expressed a personal preference for voice calls. Three patients were concerned about privacy issues of sending personal health-protected information by text. Interestingly, all 5 patients remained comfortable with general use of their smartphone and expressed trust in their healthcare providers. Most patients who did not complete this survey reported that they did not know how to text.
Patient satisfaction
Patient survey responses (Table 6 ) yielded a mean satisfaction score of 3.8 on a 4-point Likert scale (with a score of "4" signifying greatest satisfaction). Most users (89%) thought the platform was "extremely easy" to use. Ninety-five percent of the patients responded that the mobile platform helped them deal more effectively with their health. No participants indicated dissatisfaction with the service. All but 1 participant indicated that they would like to use a similar platform with other medical providers.
DISCUSSION
Development of digital patient communication and engagement tools has accelerated.
14 Recent studies have explored the use of text-based mHealth for appointment reminders, 15 medication adherence, and health promotion, such as smoking cessation 16 and weight loss. 17 SMS/ MMS text-based medication reminders have largely focused on patients with chronic diseases, such as diabetes, 18 human immunodeficiency virus/AIDS, 19 and heart disease. 20 Additional work has piloted use of text-based tools after surgery to remotely monitor surgical wounds, particularly with photographs taken on patients' cell phones. 5 However, published experience addressing specific applications for patients with cancer, particularly patients with head and neck cancer involving surgery, remains limited.
Our current results suggest that the use of a text message platform in the acute postoperative setting is feasible and potentially improves the head and neck cancer patients' engagement with treatment. Furthermore, our platform can document and facilitate remote management of postoperative complications, potentially saving costs of clinic-based care across all stakeholders.
There was a 72% participation rate among patients we approached for the study. We used a convenience sample of consecutive patients who were approached at random time points during their hospital admission after surgery. Head and neck cancer surgery frequently requires complex reconstruction and prolonged recovery. Many patients experience disabling symptoms, 21 including inability to eat, taste, smell, speak, and/or sleep comfortably. Timing of recruitment may have impacted patient enrollment, although we could detect no obvious trends in this small cohort. More likely reasons for nonparticipation, as elicited by our limited survey results, include privacy concerns and discomfort with texting. Interestingly, patients who refused to participate were more likely to be men and older; this mirrors a general trend toward higher use of texting among women and younger adults in the U.S. population. 2, 22, 23 Specific patients may also contend with varying degrees of grief and depression across their hospital stay, which may influence interest in participation.
We used the number of text messages sent by patients as a measure of patient use. Patients sent an average of 11.6 messages, with large variability across individuals. Frequency of texting is not necessarily a surrogate for platform usability/efficacy. Many contextual factors may impact use patterns, such as age, comorbidities, social support, race, socioeconomics, and individual communication styles. Unsurprisingly, presence of postoperative problems and/or lack of spousal support significantly incentivized patient use in our cohort. Appropriate patient selection, such as focused enrollment of patients undergoing more extensive surgery for advanced disease, patients with limited social support, and/or younger, more techsavvy patients may optimize rates of immediate and late return on mobile digital investments. Alternatively, the psychological reassurance of improved patient-provider connectivity could appeal broadly across a wide spectrum of patients.
Intuitive computer-human interfaces and simplicity are crucial to adoption of patient-facing health informatics. 24 This is particularly true for the elderly, who are disproportionally impacted by cancer and generally display less enthusiasm toward mobile communication. 25 Most of our subjects (90%) thought the texting platform was "extremely easy" to use, suggesting that SMS/MMSbased communication has potentially broad generational reach. Several studies have evaluated application-based mobile healthcare platforms with high success in younger populations. 5, 9 However, native mobile applications introduce additional complexity, including installation, update maintenance, push notification settings, and engagement separate from standard use of the cell phone. Applications may add functionality beyond texting, but this functionality increases use friction and potential attrition.
Our platform facilitated remote diagnosis and potentially expedited intervention for venous thrombosis and localized infection. The ability of the SMS/MMS to facilitate remote early management of simple, albeit potentially serious complications, coupled with the ease of fulfilling simple requests (eg, questions about potential drug-drug interaction and medication refills), directly addresses the "Triple Aim" of value-based care and aligns cancer care with 21st century healthcare priorities. 26, 27 Patients with complex cancer potentially benefit from being evaluated by established providers, rather than by ad hoc acute care or emergency department-based coverage. Although there are limitations to remote evaluation versus in-person physical examination, high-resolution cameras on most mobile phones are able to detect subtle changes in a wound. Other studies using digital still images or video have confirmed feasible remote assessment of surgical wounds, with fewer unscheduled postoperative visits. 5, 28 There were obvious limitations to this early pilot work. First, our small sample lacked the size and socioeconomic/cultural diversity to establish firm insight into potential relationships between patient demographics and acceptance of digital communication. Therefore, we intend the findings of this pilot study not to impact current care, but to inform larger follow-up studies. Although patients with head and neck cancer who undergo surgery are an important high-risk cancer population, our results lack direct relevance to other cancer disease sites and treatment modalities. Patient attrition constrained our study power and introduced potential patient self-selection biases, which will require formal characterization. Follow-up prospective studies emphasizing patient-reported outcomes and financial resource utilization will be necessary to demonstrate broader deployment potential and impact on patient-centric care value.
The compliance/use standards of remote digital care communication remain fluid and uncodified. This accentuates baseline risks of high-stakes clinical care, such as postoperative management. Any technology that enables enhanced remote health care must meet all ethical and legal standards of face-to-face care. Users must maintain privacy and data security standards, and providers must appropriately document all digital interactions, particularly if reimbursement is eventually to be sought. During these early days of use, head and neck surgeons will need to maintain a low threshold for direct follow-up evaluation of patients reporting problems. Continued work will be required to characterize and improve the triaging capabilities of remote digital communication. Text platforms, such as ours, are currently intended to supplement not replace direct care. Our current platform provides only asynchronous communication, and is not designed to support immediate responses to patient messages. Accordingly, all our routinely scheduled SMS messages are preceded by instructions to patients to call 911 in case of emergency. Ultimately, SMS platforms, such as ours, may be staffed 24/7 by dedicated technical staff or providers; however, we envision this to follow initial confirmation of the value proposition and sustainability of the current initial service.
CONCLUSIONS
Our experience suggests that digital interventions may improve the head and neck cancer patients' engagement with providers in the postoperative setting. Patients reported that they found our texting platform to be simple and effective. Concerns over privacy and unfamiliar mobile technology, as well as the personal nature of the cancer treatment experience, argues for development of formal patient selection strategies. Texting may reduce stakeholder costs via remote identification and treatment of complications. However, further study will be necessary to quantify cost savings, to confirm our pilot results at greater scale, and to expand the relevance of this approach to additional cancer populations.
